INTRODUCTION
Paddy, wheat, maize, varieties of pulses, pea, lentil, joar, bajra, kaon, oil seeds, potatoes, spices, tobacco and many other agricultural products are stored both as seed and food in many countries of the world (Bhuiyah et al. 1990) . It has been estimated that between one quarter and one third of the world grain crop is lost each year during storage mainly due to insect attack (Hill 1990 , Oerke et al. 1994 , David et al. 2004 . Nineteen insect pest species have been reported from stored grains of Bangladesh (Alam 1971) . The main insect pests that attack stored grain cereals and pulses include the rice weevil -Sitophilus oryzae, pulse beetle -Callosobruchus chinensis and saw-toothed grain beetleOryzaephilus surinamensis (Dhaliwal 2010) . S. oryzae is one of the most important insect pests infesting stored rice, cereals, and seeds (Aslan et al. 2004) . C. chinensis causes high losses during storage of a wide variety of legumes in the fields and seeds in storage. (Kang et al. 2013 , Massango 2017 . O. surinamensis is one of the serious pests of many kinds of food like dry fruits, spices, nuts, cereals and other cereal products (Padin et al. 2001) . All these pests are worldwide in distribution (Srivastava and Subramanian 2016) .
Insect identification relies on traditional taxonomy, which is primarily based on external morphology (Rebijith et al. 2012) . However, taxonomic keys are often prepared for only certain life stages or genders; phenotypic variations in taxonomically important traits may also cause significant difficulties in species identification (Ball et al. 2006) .
The taxonomic study revealed that, there exists a huge morphological variations within the species that lead huge dilemma to identify insects specially store pests (Ball et al. 2006 , Singh et al. 2014 ). An important limitation in controlling these pests involves species identification (Sethusa et al. 2014) . A novel methodology known as DNA barcoding has the potential to mitigate the challenges posed by identification of insect pests (Hanner 2009 , Rugman-Jones 2009 , Gariepy 2007 , Quicke 2012 , Sethusa et al. 2014 . DNA barcoding is gaining broad application in integrated pest management (IPM) (Etzler et al. 2014) programs as the standard method for species identification by "matching unknown against the known" (Ball et al. 2006) . DNA barcoding involves the PCR amplification and sequencing of a key genetic marker from a given specimen (Gariepy 2007) . A short, standardized region of its genome, specifically the mitochondrial gene, cytochrome c oxidase subunit 1 (COI) is used in most of the cases (Hebert et al. 2003) .This study was therefore aimed to investigate molecular characterization and identification of three important store grain pests of Bangladesh through establishing DNA barcode dataset. The main objectives behind this work are to associate morphological and molecular identification of the stored grain insect pests in order to find more strategies of managing these pests and for further research.
MATERIAL AND METHODS
DNA isolation: Three important stored grain pests Sitophilus oryzae, Callosobruchus chinensis and Oryzaephilus surinamensis were collected from different infested store grains. The genomic DNA was extracted from somatic tissue rich in mitochondria (e.g., leg or wing) using Wizard ® Genomic DNA Purification Kit, USA, following the manufacturer's protocol. The remaining parts of insects and respective individuals were kept as voucher specimens. In short, separated tissue was ethanol sterilized and homogenized in 600 µl nuclei lysis solution. After adding 3 µl RNase and incubation in water bath for 15 minutes, 200 µl protein precipitation solution was added. DNA containing supernatant was separated following 1400 rpm centrifugation and added 600 µl isopropanol into it. The solution was centrifuged at high speed to get DNA pellet. DNA was washed by 600 µl of nuclease free 70% ethanol. The DNA was then air dried and rehydrated in 40 µl DNA rehydration solution by incubating at 65ºC for 1 hour. Processed DNA was stored at 4ºC or −20ºC.
DNA quantification and quality measurement: The quantity and purity of DNA was measured by using Nano drop™ 2000 spectrophotometer (Thermo Fisher Scientific, USA). The ratio of the absorbence A260/A280 indicates the purity of PCR amplified DNA. For pure DNA, A260/A280 value is 1.8.
Polymerase chain reaction (PCR):
The extracts were subjected to PCR amplification of a 658 bp region near the 5′ terminus of the CO 1 gene following standard protocols. Primers used were forward primer: (LCO 1490 5′-GGTCAACAAATCATAAAGATATTG G-3′) and reverse primer: (HCO 2198 5′-TAAACTTCAGGGTGACCAAAAAATCA-3′). PCR reactions were carried out in 96-well plates with 20 µl reaction volume containing Promega Gotaq® G2 Green Master Mix -10 μl, forward and reverse primers -1 μl (10 pmol/μl), template DNA, and nuclease free water (adjustable). Thermocycling consisted of an initial denaturation of 94°C for 3 min, followed by 30 cycles of denaturation at 94°C for 30 sec, annealing at 49°C for 30 sec, extension at 72°C for 1 min, final extension: 72ºC for 10 min and hold: 4ºC. PCR was performed using a Veriti ® Thermal Cycler from Thermo Fisher Scientific Thermal Cycler.
Gel electrophoresis:
The amplified product was analysed on a 1.5% agarose gel electrophoresis. The DNA was then visualized under gel documentation system -BioDoc Analyzer of Biometra.
Sequencing: The PCR products were purified using Promega Wizard ® SV Gel and PCR clean up system manufactured by Promega Corporation, USA following manufacturer's protocol. The quantity and purity of PCR purified products was checked by spectrophotometer. DNA sequencing was performed to determine the nucleotide sequence in cytochrome oxidase I region. BigDye® Terminator v3.1 cycle sequencing kit was used in this process. Each species was bi-directionally sequenced to get sequence of both (5' and 3') the DNA strands.
Submission of gene to GenBank: Sequenced data were checked for quality by BioEdit v.7.0.5 software. Homology, insertions -deletions, stop codons, and framshifts was checked using NCBI BLAST. BankIt, a WWW-based submission tool with wizards to guide the submission process was used. The GenBank database was intended for new sequence data that was determined and annotated by the submitter. All sequences were uploaded to GenBank.
Data analysis:
The chromatograms were converted to FASTA format using FinchTV chromatogram viewer software. The DNA sequences in ABI file were manually edited using BioEdit v.7.0.5. Results of sequence editing were analyzed using BLAST (Basic local alignment search tool) NCBI to indicate the homology from closest species. Phylogenetic tree was constructed using maximum likelihood method, calculation using Bootstrap with 1000 times of repetition in Molecular evolutionary genetic analysis (MEGA) software program v.X (Kumar et al. 2018) .
RESULTS AND DISCUSSION
To confirm that the desired portion of COI gene has been amplified, gel electrophoresis was conducted. Thermo Fisher GeneRular 100 bp was used as ladder. The gel documentation image obtained by BioDoc Analyzer shows that all the samples selected for gel electrophoresis gave bands between 600 and 700bp of DNA ladder (Fig. 1) . It reveals that desired COI gene of mtDNA were properly polymerased. The visualized PCR product contained no double bands on agarose gel, thus indicating that sequences obtained were targeted mitochondrial DNA and not nuclear or mitochondrial mistargets. Sequence result and BLAST analysis: A total of 3 insect species were sequenced. All 3 species could be differentiated by CO1 barcoding. Most of the amplified sequences were up to 658 bp in length. National Center for Biotechnology Information (NCBI) basic local alignment search tool (BLAST) was used to check homology between the retrieved sequences and GenBank library or database of sequences. This helps to identify sequence similarity across genomes.
BLAST analysis revealed that the observed sequence no.1 shows 99% homology with the sequences in GenBank submitted from India, France, Japan and China (Table 1) . It indicates that the observed sample is Callosobruchus chinensis. In Table 2 , BLAST analysis showed that the observed sequence no. 2 has 99% homology with the sequences of GenBank from India, USA and China. It reveals that the observed sample is Sitophilus oryzae. Another BLAST analysis disclosed that the observed sequence of sequence no. 3 showed 100% homology with accession no. KU494196.1 and 99% homology with accession no. KU494194.1; MH910059.1, but 98% with MG458964.1 of the database sequences from France, India, USA and China (Table 3) . It proved that the observed species is Oryzaephilus surinamensis. All mitochondrial CO1 sequences were submitted to the NCBI-GenBank under accession numbers provided in Table 4 . Nucleotide composition of COI gene sequences: Retrieved sequences were subjected for analysis of nucleotide composition (Table 5 ). Codon positions included were 1st + 2nd + 3rd + non-coding. All positions containing gaps and missing data were eliminated from the dataset. The A, T, G, C, AT, and GC content of all sequences was obtained using a computer program (MEGA v.10.0) . The maximum average value of thymine (T) is 33.3% and the minimum value of guanine (G) is 15.3% . The highest percentage of thiamine (T, 34.4) and adenine (A, 33.5) was found in S. oryzae 2 and O. surinamensis, respectively. On the contrary, the lowest percentage of Guanine (G, 13.8) and cytosine (C, 18.8) was found in O. surinamensis, and C. chinensis, respectively. The maximum percentage of adenine and thiamine (A + T, 65.4) was found in S. oryzae 2 and the minimum percentage of guanine and cytosine (G + C, 34.5) was also found in S. oryzae 2. As expected, AT content (64.8% ) was found significantly higher than the GC content of 35.2% . Genetic distance analysis: The genetic distance among four sequences of three store pests ranged from 0.00293 -0.32807. Standard errors estimates are shown above the diagonal and were obtained by a bootstrap procedure (1000 replicates). Analysis was conducted using the Kimura 2-Parameter model. Genetic distance denotes the mutation among individuals. The lowest genetic distance (0. 0.00293) was found in S. oryzae 2 and the highest genetic distance (0. 32807) was found in O. surinamensis (Table 6 ). Multiple sequence alignment: Sequences were aligned using the MEGA v.10.0. Residue and pairwise distances were estimated using the Clustal W tool with default settings of gap opening penalty 15, and a gap-extension 6.6 in pairwise alignment and 0.05 in multiple alignments. Multiple sequence alignment of four COI gene nucleotide sequences of three stored grain insect pests are given in Fig. 2 . Non-conserved regions were presented by letter and identical or conserved regions were indicated by dot. Haplotype: Haplotype analysis of mitochondrial COI gene of three stored grain insect pests showed high genetic diversity among them (Fig. 3 ). They were separated from their common ancestor by 73, 64 and 80 mutational steps. C. chinensis showed 80 mutated sites which is the highest amount followed by O. surinamensis and S. oryzae which showed 73 and 64 mutated sites, respectively.
Phylogenetic analysis: Maximum likelihood (ML) tree was analyzed to find the phylogenetic relationship among the samples of store pests using MEGA v.10.0 software. According to maximum likelihood with 1000x bootstrap repetition, a phylogeny was constructed (Fig. 4) by the MEGA v.10.0 software using analyzed four sequences (marked BD*) of three species. A total of 20 sequences from different parts of the world available in the NCBI GenBank were used for a proper comparison. The tree consisted of three distinct major clades that represent three families of the order Coleoptera. Three species of S. oryzae, O. surinamensis and C. chinensis represent Curculionidae, Cucujidae and Bruchidae family, respectively. The present study successfully identified three stored grain insect pest species. The sequences obtained in the present study were stored in GenBank databases. BLAST analysis revealed 99 to 100% similarity with the existing databases. Phylogenetic analysis proves that S. oryzae, C. chinenesis and O. surinamensis were originated from different clades that means they belong to different families of the order Coleoptera. A + T content was greater than the G+C content which is usual in mitochondrial genes. Various information acquired from this study could be used for further researches including effective pest management. Over the last decade the field of DNA barcoding has emerged as a molecular method for species identification. The goal of scientists who perform DNA barcoding is to create a library of every organism on earth (Stoeckle et al. 2004 , Kerr et al. 2007 . Although the major insect pests in food are widespread worldwide, only a few studies have been conducted on the DNA barcodes for these species (Seo et al. 2013) . Therefore, this study is the first to attempt construction of a DNA reference dataset using the mitochondrial COI gene from store food-associated insect species. This dataset can be effectively used to identify store food-associated insect pests that are currently important in commercial food markets. DNA barcoding can help in identifying pests in any stage of life making easier to control them saving farmers from cost of billion dollars from pest damage (Kaur 2015 , Sarvananda 2018 
